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Research Unit, Montreal, Canada 
Simple morphometric analyses were applied to mouse epidermal specimens prepared for 
electron microscopy. Mean values were obtained for the dimensions of cells and nuclei in 
ba~al. suprabasal. and granular layers. These measurements were applied to simplified 
models representing the shapes of cells in the three strata. A fourfold increase in cytoplasmic 
volume was observed as cells passed from the basal to granular layers. During this transition, 
the nuclear volume did not decrease significantly. 
Despite numerous descriptive morphologic stud-
ies. there haYe been very few attempts to provide 
quantitative electron microscopic descriptions of 
keratinizing epithelia. Squier and Waterhouse [1) 
have made a quantitative comparison of acid 
phosphatase distribution in oral epithelia and the 
same authors [2] have utilized electron microscopy 
to characterize epidermal melanosomes and basal 
laminae. More recently. Schroeder and Munzel-
Pedrazzoli [3] have applied stereologic methods in 
an investigation of the stratified squamous epithe-
lium of the human gingiva. In this study stereo-
logic point-counting procedures were applied to 
estimate quantitative tissue and cytoplasm pa-
rameters in oral and junctional epithelia. 
Since stratified epithelia are anisotropic tissues 
with functional orientation of the cells. there are 
problems in applying the well-established princi-
ples of morphometry that have been utilized for 
electron microscopic investigations [4-6 ]. How-
ever, since the methods of processing of samples for 
electron microscop~· introduce a high degree of 
randomness into the material [7). it is possible to 
apply simple linear and transect analyses. In 
addition, the improved resolving power of the 
electron microscope compared to the light micro-
scope facilitates accurate measurement of cellular 
and intracellular structures. Therefore. in addition 
to purely morphologic descriptions of the various 
subcellular organelles present in epidermal cells, it 
is now possible to accurately characterize these 
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organelles in a quantitative manner. Rupee et a! 
[8] have investigated the alterations in mitochon-
drial volume in keratinizing epithelia by simple 
quantitative methods at the electron microscope 
level. S~·stematic methods of quantitative stereol-
ogy have also been used by Sagebiel and Reed [9] 
to reconstruct, from serial sections. the structure of 
Langerhans cell granules. 
In this study. a quantitatiw description of cell 
volumes in the various layers of mouse epidermis 
was made. The values obtained for the cytoplasmic 
volumes of cells were required for a cytochemical 
study of lysosomes in murine epidermis which is 
the subject of the companion paper [10 ]. 
MATERIALS AND METHODS 
The epidermal samples were obtained from male Swiss 
albino mice 12-3 months). Skin from the upper surface of 
the foot was taken after sacrifice bv cervical luxation. 
Clinical assessment prior to sampling ensured that only 
normal skin was utilized for the quantitative measure-
ments. Fourteen animals were used in this investigation. 
The skin was sliced into 1-mm-wide strips and fixed for 2 
hr in buffered glutaraldehyde I 11 ]. The Son·all TC-2 
tissue sectioner was used to produce 50-l'm sections of the 
fixed skin. Subsequent osmication. dehydration. and 
embedding in Epon or Araldite was by standard 
methods. Thin sections were cut using a Porter-Blum 
MT2 ultratome and· care was taken to ensure that the 
plane of sectioning was normal to the basement mem-
brane of the epidermis. Sections were examined after 
lead citrate staining on an AEI EM6B electron micro-
scope. 
A careful and repeated calibration of the magnification 
of the microscope was necessary for all quantitative work 
involving measurements of dimensions of subcellular 
organelles. The methods of reducing the errors in obtain-
ing measurements from prints of electron micrographs 
suggested by Reisner [12] and Bahr and Zeitler [13] were 
employed. The accuracy of the magnification of the 
microscope was monitored regularly by using heavy 
metal-shadowed carbon replicas of diffraction gratings. 
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Alterations in the electron optical magnification with the 
axial position of the specimen and the position of the grid 
in the specimen holder were monitored. The accuracy of 
the Leitz Focomat lie enlarger was checked with a 
calibrated slide and measurements were made with a Pye 
& Co., Ltd. two-dimensional measuring microscope with 
either a x 5 or x 20 objective. This microscope had an 
accuracy of better than ± 0.01 mm. The total error from 
all factors including the microscope, the imperfections in 
the replica gratings, and measurements from prints was 
estimated to be below 4o/r. A minimum of 150 measure-
ments were taken for each of the three strata of the 
epidermis, from prints at magnifications up to 30.000 x of 
sections that were judged to be nearly normal to the 
basement membrane. Measurements were made of cells 
in Which nuclei were present and sharpness of the nuclear 
membrane was used as an indication of the section 
passing through the midsection of nuclei. Obviously 
tangential sections were not included. The width and 
height of cells and the major and minor axes of the nuclei 
were measured and the means and standard deviations 
were calculated. Simplified models oft he shape of cells in 
the basal, suprabasal. and granular layers were con-
structed (Fig.). Although the assumed models were 
simplifications of the irregular shapes of keratinocytes. 
they permitted calculations of nuclear and cytoplasmic 
volumes to be made from the mean values obtained 
above. 
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RESULTS 
The Table presents the results of measurements 
of the dimension of cells in the three strata of the 
epidermis. The final values for cytoplasmic volume 
were rounded to two significant figures. The total 
volume of the cells increases approximately four 
times in the movement from basal to granular 
layers. Since the volume of the elliptical nuclei 
remains fairly constant, the major contribution to 
this increase in volume comes from the cytoplasm. 
DISCCSSION 
The assumed models of cells in the various lavers 
of keratinizing epithelia utilized here are obvio~sly 
not absolutely accurate representations of the 
keratinocytes. The infolding of the plasma mem-
brane and the irregularities of the nuclear margin 
make volume measurements extremely difficult. If 
these limitations are accepted. the simple geomet-
ric models would seem to bear a reasonable resem-
blance to the shapes of cells in the lavers of the 
keratinizing epithelia. The mean di~ensions of 
nuclei and cells represent a large number of 
measurements from seC'tions of randomized speci-
mens from an adequate number of male mice. 
Since subsequent C')'tochemical investigations uti-
lizing these values were carried out on the same 
materiaL calculations concerning numbers of or-
ganelles per cell are valid. At this time it is 
impossible to comment on possible dimensional 
variations in cells between male and female mice. 
Regarding the increasing volume of cytoplasm 
noted here as cells ascend to the granular la:-·er. 
Parakkal 114] has also commented on this increase 
in cytoplasmic volume in adult mouse esophageal 
epithelium. The nuclei sectioned in the granular 
layer were not very different in volume from those 
in basal cells. Whereas most cells seen in the basal 
layer contained a sectioned nucleus. many of the 
granular layer cells did not show any nuclear 
section. Similar observations have been made by 
Wier et al [15]. When sections of nuclei were 
present. however. they showed little variation in 
size. It would appear that as cells flatten, the 
nucleus is also reduced to a disc shape. It therefore 
appears that removal of nuclei in the granular 
layer is a very rapid event involving lysis. This is 
somewhat at variance with the studies of DNA 
content in keratinizing prostatic lesions as mea-
sured by Feulgen photometry 116], where a 62o/r 
TABLE. Cytoplasmic and nuclear volumes of cells in various regions of the mouse epidermis 
Nucleus radii = A & B (,umJ Volume of Volume of Volume of Radius of cell Height of cell nucleus =- cytoplasm Region ~ r (~m) lSD) ~ h(,.ml ISDI cell = rrsh 14/31 .-AB' Ill 121 AISDI BiSDI (,.m'l (,.m') r,.m') 
Basal layer 2.75 (0.81) 7.2 (2.30) 2.4 (0.62) 1.8 (0.51) 171 33 140" 
Suprabasallayer 4.2 (2.39) 4.2 (1.77) 1.8 (0.52) 2.2 (1.08) 233 37 200 
Granular layer 10.1 (3.63) 2.25 (0.36) 1.0 (0.36) 3.0 (1.68) 721 38 680 
SD ~ Standard deviation 
• Values for cytoplasmic volumes rounded off to two figures 
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loss of DNA was detected during the passage to the 
granular layer. Similarly. a 72'7. reduction in triti-
ated thymidine labeling between basal and granu-
lar layer in mouse esophagus has been demon-
strated autoradiographically [17 ]. It is interesting 
that despite the reduction in DNA present within 
the nuclei, the overall volume does not decrease 
significantly until the final abrupt transition from 
granular cell to cornified cell. 
A number of quantitative studies of cross-sec-
tional areas of cells have been made in different 
oral epithelia. These employed methods involving 
counts of nuclei in measured regions of the basal 
layer [18-21]. An inverse relationship between the 
average cell size and the degree of keratinization 
was evident from the results. Nonkeratinizing 
epithelia such as the cheek contained cells with 
cross-sectioned areas on average twice that of 
orthokeratinized palate. Alvares and Meyer [22] 
calculated cell volumes in the various lavers of rat 
cheek and palate epithelia. The value- for basal 
cells of the palate was .375 I'm 3 with a rapid rise in 
the upper spinous layers to a value of 2000 I'm 3 in 
the granular layer. Values were correspondingly 
higher for the nonkeratinized cheek. The volumes 
obtained here. i.e., 17ll'm' for basal and i2ll'm' 
for granular. are comparable to the values for rat 
palate since the mouse epidermis involves a more 
rapid and complete keratinization. The increase in 
volume is approximately fourfold compared to the 
sixfold increase in rat palate. Since there is no true 
spinous layer in mouse epidermis. the rapid aug-
ment at ion of cell volume that occurs in the upper 
spinous layer in the palate, is represented here by 
events in the granular layer. It is unlikely that this 
volume chang-e during differentiation is the result 
of fluid uptake and wculd. therefore, require addi-
tional synthesis of membranes and intracytoplas-
mic substance. The active incorporation of triti-
ated amino acids into the granular layers of kerati-
nizing epithelia [23.24] is evidence for the synthe-
sis of cell substance. The assumed models provide 
results which are comparable with those obtained 
by other methods in other tissues. The cytoplasmic 
volumes are utilized for calculations of the abso-
lute numbers of lvsosomes in keratinocvtes in the 
various strata of ~urine epidermis to b; described 
in a companion paper. 
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